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ATWIRKT
A noveI computer simulation methodology to

properly characterizfi the role of probe
directivity/pattern compensation in cylindrkal  near-
field scanning geometry is presented. Ile
methodology is applied to a linear test array antenna
and the JPUNASA  scatterometer (NSCA’J’) radar
antenna. In addition, error analysis tahniques  of
computer simulation and measured tests, have bum
developed to determine the achievable accuracy in
pattern measurements of the NSCAT antenna in
cylindrical near field.
Keywords: Near-field measurements, cylindrical
scanning, probe compensation, near-field errors.

1. INTROIXJCITON
‘h recent evolution of spaceborne scatterometers

is demanding very high quality performance from
antennas. For example, a recently designed
JJ’llNASA spaceborne scatteromcter for global
mapping of dynamic change of ocean circulation
requires accurate knowledge of wide-angle antenna
patterns, squint angle, and lxamwidth.  The antennas
assembled on this instrument are each a ku-band 3-m
long stick slotted waveguide type.

Near-field measurement has ken used for many
years to determine the far-field radiation patterns of
antennas with high accuracy [1]. In order to
accurate] y characterim  the radiation performance of
NSCAT at JPI., a cylindrical near-field measurement
facility has been developed (Figure 1). It is the
objective of this paper to present a methodolo~ to
properly characterize the role of probe-pattern
compensation in cylindrical near field [2] and to
critical] y assess the importance of different error
mechanisms in evaluating the achievable accuracy in
pattern measurements. Probe characterimtion  and
pattern assessment have been performed both by
utilizing a novel simulation algorithm and also by

using actual measured data. The novelty of this work
is explanied  next.

2. PROBE  CX)MPENSATJON  ANALYSIS
Consider an idealimd circular-aperture probe that is

modeled by its equivalent tangential electric currents,
Js, in the ~,== O plane of the probe-coordinate system
shown in Figure 2. The currents on the circular-
apcrture  plane can be written as

(1)

Interaction between the probe equivalent aperture
currents and the test antenna fields @,,Ila) can lx
obtained with the application of reciprocity y theorem
to yield to the probe vector output, neglecting
multiple scattering W ween the probe and antenna
under test (AUT)

]n equation (2), superscripts (1,2) designate two
orientations of the probe necessary to construct the
fro-field pattern of the test antenna, Specifically, P’
and P1 correspmd  to the probe re.y.xmse for the
electric current, J,, oriented in the 7,1 and -yP direction
rcspcctivel  y. Assuming a uniform current across the
prob,  the integral in equation (2) is then
approximated by
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~cre (PP,$P) defines the polar coordinate in the
aperture of the probe SP, and EL, E+ are the fields in
the cylindrical-coordinate system of the test antenna
computed on the probe aperture. The use of an
idcalim.d  circular-aperture probe with different radi i,
permits us to derive a closed form expression for its
far-field radiation pattern. For a uniform magnetic
field, I\,, in the aperture of the probe oriented in the
yP direction, the probe pattern is given by

E$p’ O$p
(4)

and for a 90° rotation of the probe, it yields

where u=kasin(c$,  cos(ct)=sin(9P)cos($P),  a is the
probe radius, k is the wavenumber 2n/~ and Jl(u) is
the Bessel fimction  of the first kind. TO perform
probe-pattern compensation, one needs the cylindrical
wave expansion of the probe fields  from the
following expressions (assuming no fields in the
back of the probe) [2]:

U:(kcosor)  = jms:nep:j2E:p(ep’@p)e -’”’’pd@p
rlj2

nl+lsin~  J2Eip(ep30p)e-’”i4pd$p
b:(kcosep) =  1

J prl

(6)

where m<ka. Similarly, one could obtain the probe
cocfflcicnts, a’n, and b’n,, for the other field
components, 310, and 131& I%cse results, together
with the probe vector output response (equations 3-6
are numerical] y evaluated) allow us to perform
computer-simulated synthetic measurements and
provide accurate insight unattainable or costly in
measurement alone. The test antenna fields, IZZ and
E@ are then constructed in terms of the probe vector
output response and probe antenna cocKlcients

derived from application of the reciprocity theorem
[3-4]

EO(O,$) =sintl  ~ j ‘an(k cosO)ejn Q 6
Inl<kr (’0

E#3,@)=sin0 ~ j“+lbn(kcosO)ej”$  $

Inl<kr

where r is the smallest radius enclosing the test
antenna and q), b“ are the cylindrical wwe
cocfllcients of the test antenna given by

7-’(/(  Cose)ct:(k  Cose) T:(k Coso)ci:(k  Cose)
(ln(k Cose) =–”

sin2El A,(k cosf3)

(8)

T:(k Coso)y:(k CoSe)- T;(k Cose)y;(k  me)
bn(k Coso)=

sin20 AJk COSEI)

(9)

7’~’’2)(k  COSO)=j  }1’(1’2)e “n ‘e’kwsozd$dz  (lo)
.L–-~

An(k  COSt))=y:(k COS())  C&k COSO)  ‘Y:(k COSe)Ci:(k  CoSo)

(11)

~ ‘1’2) k COSO)  = ~ b~~>2)(k  cos~p)~f+mrn( (k rosintl)

Iml<ka

y~12)  & COSO) = ~ a~’2)(k cosOp)Hf+m  (k rOsM)
lml <ka

(12)

and where 1 ~.,”, is the Hankel  fhnction  of the second
kind and rO is the sampling cylinder radius. In the
limit as the probe radius becomes very small, the
probe output of equation 3 is the direct response of
the near field at a point, that is the response of
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infinitesimal hertzian dipole, P’=HL and P%;O, and
no probe compensation is needed. Also, note from
equation 6 and Figure 2 that probe cnmpcnsation  at
observation angle 9 necessitates the knowledge of
the probe fields in the azimuthal direction at
observation angle OPW-O.  Consequent] y, the
calculation of the princqxd elevation plane of the test
antenna, for example, requires 311 probe fm-field
patterns.

Next, simulation examples are given to determine
the role of low- and high-directivity probes in the
implementation of a probe-pattern compensation
technique, Two different test antenna examples arc
considered: 15-element linear array and the
JPI lNASA scatterometer  slotted-wavcguidc radar
antenna.

3. 15-F/’ctncnt  Test Amiy Results
IJI this example, a 15-element infinitesimal dipole

array is located along the z-axis with interelemcnt
spacing of a half wavelength. I??ch element is fd
with unit amplitude and zm-o phase. The idealized
circular aperture probe vector output integral
equation (3) is then evaluated for each probe position
on the required sampling point on a cylindrical near-
ficld surface enclosing the test antenna.

Figure 3 shows the simulated near-field results
along the z-axis at rO=4h  Ihree different prolx radii
are used in this simulation, namely 0.3~ 0.5~ and
1 ~ which correspond to probe directivities of
5,5d13, 9.94dIl  and 15.96WI  respectively. Figure 4
depicts the corresponding probe fw-field  patterns at
$~~ dcgrms.  TO illustrate the effket  of probe
dmxtivity,  the test antenna fhr-field  patterns are
calculated for each probe sim with and without prolw
pattern conqwnsation  and compared to the exact
solution results, as shown in Figures 5, 6 and 7.

In this investigation, Figure 7 shows that probe
compensation at probe pattern null is possible when
near-field simulated measurement is carried out at
rO=4L Near fields for a 15-element array antenna
similar to l?igure 3 are computed at rO=8L It is
observed a small distortion on the compensated
pattern at the observation angle that cmreswnds  to
probe pattern null. The prevailing use of high-
direetivity probes in cylindrical near-field may be
dependent on the sampling radius rO. Furthermore, a
probe with low direetivity, e.g 5.5dB, needs a little
probe correction if any near the test antenna main
kcaJn,  as shown in Figure 5.

4. JPUNASA  Scattcmnctcr  Antenna Results

Since the 15-element linear array antenna has an
omnidirectional pattern in the azimuthal direction, it
is diffIcuh to obtain an insight into the effect of
pattern compensation in that direction. As an
alternative, simulations of the 6-dB pedestal near-
fields tapered illumination of the JPUNASA slotted
wavcguide  array antenna (Figure 8) are implemented
using the circular-aperture probe with an arbitrary
radius, The antenna is 3.06m long and 6.3cm wide
operating at Ku-band (13.995 Ghz); Antenna
dircctivity  is approximately 34d13.

in the first simulation example, a probe radius of
a=,5L at rO=51 is utilizxd, Far-field patterns, with
and without probe pattern compensation, are
calculated and compared to the exact solution in the
azimuth direction. The results were compare and are
given in Figure  9. One observation is that the need
for probe compensation is more pronounced at an
angle close to the main beam pk. However, the use
of a low-directivity probe, a=.3~ at the radial
distance rO=5h results in less crucial probe-pattern
compensation in the same direction. In general,
computer-simulated synthetic measurements with
different idcalimd  circular-aperture probes show
simi Iar observations in elevation as those presented
for the 15-clement linear array, A cylindrical near-
field measurement of the JP1 lNASA antenna with
dual ollhomode probe (9.57d13  gain port 1 and
9.65dFl  port 2) supported these observations [5].

5. ERROR ANALYSIS
llrror-analysis  techniques are oil.en employed in

conjunction with near-field measurements to
determine a reliable estimate of errors in the
computed far field [6]. Among the near-field
scanning geometries - planar, cylindrical and
spherical- cylindrical near-field scanning is found to
be the most suitable to calibrate JPJINASA
scatteromctcr antennas became it possesses a wide
beam in the azimuth direction. Qdibration  requires
accuracy in relative gain of 0.25 dB over +/-40
degree in the azimuth direction (wide beam),
antenna-pointing accuracy of 0.05 degrees, and a
narrow 3-dB bcamwidth of 0.015 dcgrccs. In this
work, a novel computer simulation and measurement
tests are employed when appropriate in the antenna
calibration.

‘Ibc accuracy of cylindrical near-field to far-field
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transformation is influenced by various errors, which
consist mainly of area truncation, probe positioning
and orientation errors, AUT alignment, probe
relative pattern, probe antenna interaction, receiver
nonlinearity, and drifl.. The cylindrical near-field
range facility at JPL, shown in Figure 1, is
implemented such that the probe step along the tower
(3.8m long) in the z-direction and the AUTrotates in
azimuth. The insertion loss method [1] is adopted to
obtain antenna gain. Hence, some additional
systematic and random sources of errors can corrupt
the calculated fw-field  pattern. These are mainly the
AU1 positioner rotary joint, attenuator and
comcctors  used in the insertion loss measurement
procedures. Analysis of some of these errors has
already been performed [5-7].

Probe tower alignment is critical to antenna-
pointing accuracy. Misalignment causes a pattern
shifi that is proportional to the slope of the tower.
For example, it has been demonstrated with computer
simulation that a 0.02-degree pointing error in
elevation necessitates a probe-position aligntnent to
better 1/1 6 wavelength. Multiple reflections between
the probe and the antennas Ml 1 great]  y affwt
antenna gain and relative pattern accuracy [5].
ITigure 10 shows deviations in fhr-field patterns
computed from near-field data measured on
successive cylindrical near-field surfaces separated by
1./4. Near-field truncation along the Zdirection  will
greatly affkct  the sidelobe  level and pcriodicity in the
elevation plaric.  Figure 11 illustrates the effect on
the antenna peak gain for different scan lengths. A
near-field truncation error in the azimuthal direction
will deter our ability to predict the backlobe  far-field
patterns in that direction. U is seen from Figure 12
that the pattern deteriorates rapidly in azimuth,
starting at an angle coinciding with the truncated
angular near-field region. Accurate determination of
the radial separation distance, rO, between the AU’]
and the phase center of the probe is important to
predict antenna gain and relative patterns. Figure 13
describes the relative change of antenna gain vs.
radial error.
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Figure 1. Cylin&ical near-field me+wremcnt facility at J]%
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Figure 2, (a) Cylindrical near-field configuration and (b)
probe coordinate system,
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Figure 3. Near-field simulakd probe response with different
probe radii % vs. scan angle along the z-direction.
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Figure 4. Far-field patterns of an idealimd circular-aperture
probe with different radii,
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Figure 5. Comparison of exact solution and far-fields obtained
from simulated near-field data with a probe radius a=03 1
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Figure 6. Gmparison  of exact solution ond fm-ftelds obtained
from simulated near-field data with a prok  radius a=051.
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Figure 7. Comparison of exact solution and far-fields obtained
from simulated near field data with a probe radius a=l .L



Figure 8.
field measurement.
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Figure 11. Relative change of antenna gain vs. truncated
cylinder length in z-direction (AUI’ length 120.5in).
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Figure 12. Cbtnparison of far-field constructed from 360 dcg
near-field measurement in phi and 64 dcg truncation in phi.
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